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(54) Radiation image read-out method and apparatus 



(57) A radiation image read-out method comprises 
the steps of obtaining an image signal, which repre- 
sents a radiation image, from a solid-state radiation 
detector constituted of a plurality of solid-state detecting 
devices for detecting radiation, which are arrayed in a 
matrix-like form along a main scanning direction and a 
sub-scanning direction and each of which corresponds 
to one pixel. A pixel density transforming process is per- 
formed on the image signal and in accordance with a 

F I 



pixel size, which is determined in accordance with a 
desired image size. In cases where read-out processing 
is performed with respect to different image sizes, a 
read-out density of a solid-state radiation detector need 
not be altered, but the method can cope with narrow- 
ness of an allowable width of the number of pixels in an 
image reproducing apparatus or an image filing appara- 
tus. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a radiation image read-out method and apparatus for obtaining an image signal, 
which represents a radiation image, from a solid-state radiation detector, which converts incident radiation into an elec- 
tric signal. This invention also relates to a solid-state radiation detector for use in the radiation image read-out method 
10 and apparatus. 

Description of the Prior Art 

[0002] Radiation image recording and read-out apparatuses utilizing radiation film or stimulable phosphor sheets 

is have heretofore been used widely for obtaining radiation images for medical diagnosis, or the like. 

[0003] Also, recently, various radiation image recording and read-out apparatuses utilizing solid-state radiation 
detectors (comprising semiconductors as major parts), which detect radiation and feed out image signals, have been 
proposed and have widely been used in practice. As the solid-state radiation detectors utilized in the radiation image 
recording and read-out apparatuses, various types of solid-state radiation detectors have been proposed. Typical exam- 

20 pies of the solid-state radiation detectors include photo conversion types or direct conversion types of solid-state radi- 
ation detectors, in which accumulated electric charges (also referred to as the latent image charges) carrying image 
information are detected with thin-film transistors (TFTs), and improved direct conversion types of solid-state radiation 
detectors, in which the latent image charges carrying image information are detected by scanning with reading light. 
[0004] The photo conversion types of solid-state radiation detectors comprise solid-state detection means (two- 

25 dimensional image read-out means) and a fluorescent material overlaid upon the solid-state detection means. The 
solid-state detection means comprises an insulating substrate and a plurality of photoelectric conversion devices, which 
are formed in a two-dimensional pattern on the insulating substrate and which are provided with charge accumulating 
sections for accumulating electric charges. When the fluorescent material is exposed to radiation carrying image infor- 
mation, it converts the radiation into the fluorescence. The fluorescence is detected, and the thus obtained electric 

30 charges are accumulated at the charge accumulating sections of the photoelectric conversion devices. The TFTs, each 
of which is connected to one of the photoelectric conversion devices, are operated successively, and the accumulated 
charges are thereby converted into a radiation image signal and fed out. The photo conversion types of solid-state radi- 
ation detectors are described in, for example, Japanese Unexamined Patent Publication Nos. 59(1 984)-2 11263 and 
2(1990)-164067, PCT International Publication No. WO92/D6501, and SPIE Vol. 1443. Medical Imaging V; Image Phys- 

35 ics(1991),pp. 108-119. 

[0005] The direct conversion types of solid-state radiation detectors comprise solid-state detection means and a 
radio-conductive material overlaid upon the solid-state detection means. The solid-state detection means comprises an 
insulating substrate and a plurality of charge collecting electrodes, which are formed in a two-dimensional pattern on 
the insulating substrate and each of which corresponds to one pixel. When the radio-conductive material is exposed to 

40 radiation carrying image information, it generates electric charges carrying the image information. The direct conver- 
sion types of solid-state radiation detectors are described in, lor example, "Material Parameters in Thick Hydrogenated 
Amorphous Silicon Radiation Detectors, " Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 
Xerox Pare. Palo Alto, CA 94304; "Metal/Amorphous Silicon Multilayer Radiation Detectors, IEE TRANSACTIONS ON 
NUCLEAR SCIENCE, Vol. 36, No. 2, April 1989; and Japanese Unexamined Patent Publication No. 1(1989)-216290. 

45 In the direct conversion types of solid-state radiation detectors, solid-state detecting devices comprise the charge col- 
lecting electrodes and the radio-conductive material as the major parts. When the accumulated charges carrying the 
radiation image information are to be detected as an image signal from the direct conversion types of solid-state radia- 
tion detectors, as in the aforesaid photo conversion types of solid-state radiation detectors, the solid-state detecting 
devices are scanned with the TFTs, each of which is connected to one of the solid-state detecting devices. 

so [0006] The improved direct conversion types of solid-state radiation detectors have been proposed by the applicant 
in Japanese Patent Application No. 10(1998)-232824. The improved direct conversion types of solid-state radiation 
detectors are improved over the direct conversion types of solid-state radiation detectors and utilize a photo reading 
technique for performing the reading operation by the scanning with reading light The improved direct conversion types 
of solid-state radiation detectors comprise: 

55 

i) a first electrical conductor layer having permeability to recording radiation, 

ii) a recording photo-conductive layer, which exhibits photo-conductivity (in the strict sense, radio-conductivity) 
when it is exposed to the recording radiation having passed through the first electrical conductor layer, 
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iii) a charge transporting layer, which acts approximately as an insulator with respect to electric charges having a 
polarity identical with the polarity of electric charges occurring in the first electrical conductor layer, and which acts 
approximately as a conductor with respect to electric charges having a polarity opposite to the polarity of the elec- 
tric charges occurring in the first electrical conductor layer, 
5 iv) a reading photo-conductive layer, which exhibits photo-conductivity (in the strict sense, electromagnetic wave 
conductivity) when it is exposed to a reading electromagnetic wave, and 
v) a second electrical conductor layer having permeability to the reading electromagnetic wave, 

the layers being overlaid in this order. In the improved direct conversion types of solid-state radiation detectors, 
w latent image charges carrying image information are accumulated at an interface between the recording photo-con- 
ductive layer and the charge transporting layer. The first electrical conductor layer and the second electrical con- 
ductor layer act as electrodes. Also, in the improved direct conversion types of solid-state radiation detectors, solid- 
state detecting devices comprise the recording photo-conductive layer, the charge transporting layer, and the read- 
ing photo-conductive layer as the major parts. 
is r 

[0007] In the improved direct conversion types of solid-state radiation detectors, the reading of the latent image 
charges (i.e., the reading of the electrostatic latent image represented by the latent image charges) may be performed 
with a technique, wherein the second electrical conductor layer (i.e., a reading electrode) is constituted of a flat plate- 
shaped electrode, and the reading electrode is scanned with spot-like reading light, such as a laser beam, the latent 
20 image charges being thereby detected. Alternatively, the latent image charges may be read with a technique, wherein 
the reading electrode is constituted of comb tooth-shaped electrodes (i.e., stripe-shaped electrodes), and the stripe- 
shaped electrodes are scanned with light, which is produced by a line light source extending along a direction approx- 
imately normal to the longitudinal direction of each stripe-shaped electrode, the scanning with the light being performed 
in the longitudinal direction of each stripe-shaped electrode. In this manner, the latent image charges are detected. In 
25 cases where either one of the reading techniques is employed, the solid-state radiation detector is formed as a two- 
dimensional solid-state radiation detector constituted of a plurality of solid-state detecting devices, which are arrayed in 
a substantially matrix-like form and each of which corresponds to one pixel. Specifically, as for the solid-state radiation 
detector itself, it cannot be said that the individual solid-state detecting devices are arrayed in a matrix-like form. How- 
ever, in the step of processing the image signal obtained by reading the latent image charges, for example, a signal 
30 component at a sampling point can be regarded as a signal component representing a predetermined pixel. Therefore, 
the solid-state detecting devices are referred to as being arrayed in a "substantially'' matrix-like form. In cases where 
the reading electrode is constituted of the stripe-shaped electrodes, with respect to the direction in which the stripe- 
shaped electrodes stand side by side, each stripe-shaped electrode itself corresponds to a pixel. 
[0008] Each of the various types of solid-state radiation detectors described above comprises a plurality of solid- 
35 state detecting devices for converting radiation into an electric signal, which are arrayed in a matrix-like form. Each type 
of solid-state radiation detector described above feeds out an image signal, which represents a radiation image, as two- 
dimensional matrix information. 

[0009] In cases where radiation images are read out by utilizing the solid-state radiation detectors, the solid-state 
radiation detectors of various different image sizes are often utilized in accordance with the portion of an object the 

40 image of which is recorded, the image recording mode used, and the like. 

[001 0] Alteration of the image size is ordinarily performed by changing the total number of the solid-state detecting 
devices constituting the solid-state radiation detector, while the size of the detection region per pixel (hereinbelow 
referred to as the pixel size), which is determined by the array pitch of the solid-state detecting devices, and the like, 
being kept unchanged, i.e. while the read-out density (the pixel density) of the solid-state radiation detector being kept 

45 unchanged. Specifically, the image size is altered by setting how many solid-state detecting devices of an identical pixel 
size are arrayed. Therefore, the total number of pixels varies for different image sizes. Also, in accordance with the var- 
iation of the total number of pixels, the total number of pixels, which are read out, varies. 

[001 1 ] Ordinarily, in output apparatuses, such as printers and monitors, for reproducing (outputting) visible radiation 
images in accordance with read-out image signals, which have been obtained from the solid-state radiation detectors, 
so and image filing apparatuses for filing the radiation images (both apparatuses will hereinbelow be referred to as the radi- 
ation image read-out apparatuses), the number of pixels in each of the reproduced images or the filed images is fixed 
at a predetermined value or is variable only in a narrow range. 

[001 2] Therefore, in cases where read-out processing is performed with respect to solid-state radiation detectors of 
different image sizes, for example, while the read-out densities of the solid-state radiation detectors are being 
55 unchanged, it becomes necessary for the read-out image signals having been obtained from the solid-state radiation 
detectors to be processed such that, as the image size of the solid-state radiation detector becomes large, the pixel 
density may be set to be low. In this manner, regardless of the image sizes of the solid-state radiation detectors, the 
number of pixels in each of the reproduced images or the filed images must be set at a predetermined value or approx- 
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imately at the predetermined value, and the image sizes of the reproduced images or the filed images must thereby be 
set approximately at a predetermined size. Thus it becomes necessary for the number of pixels in the image, which is 
represented by the read-out image signal having been obtained from the solid-state radiation detector, to be altered in 
accordance with the image size, which is required from the aspect of image reproduction or image filing. 

5 [0013] Also, in a built-in type of radiation image recording and read-out apparatus having a solid-state radiation 
detector fixedly, a solid-state radiation detector for the maximum image size is ordinarily built in the radiation image 
recording and read-out apparatus. With the built-in type of radiation image recording and read-out apparatus, in cases 
where an operation for recording an image of an image size smaller than the maximum image size is performed, only 
the image signal corresponding to the region within the specified read-out image size is processed as an effective 

w image signal. Such a technique is referred to as the logical readout. In cases where the logical readout is performed, 
as in the cases described above, it becomes necessary for the number of pixels in the image, which is represented by 
the read-out image signal having been obtained from the solid-state radiation detector, to be altered in accordance with 
the image size, which is required from the aspect of image reproduction or image filing. 

75 SUMMARY OF THE INVENTION 

[0014] The primary object of the present invention is to provide a radiation image read-out method in which, in 
cases where read-out processing is performed with respect to different image sizes, a read-out density of a solid-state 
radiation detector need not be altered but which is capable of coping with narrowness of an allowable width of a number 
20 of pixels in an image reproducing apparatus or an image filing apparatus. 

[001 5] Another object of the present invention is to provide an apparatus for carrying out the radiation image read- 
out method. 

[001 6] The specific object of the present invention is to provide a solid-state radiation detector for use in the radia- 
tion image read-out method and apparatus. 

25 [0017] The present invention provides a radiation image read-out method, comprising the steps of obtaining an 
image signal, which represents a radiation image, from a solid-state radiation detector constituted of a plurality of solid- 
state detecting devices for detecting radiation, which are arrayed in a matrix-like form along a main scanning direction 
and a sub-scanning direction and each of which corresponds to one pixel, 

wherein the improvement comprises the step of performing a pixel density transforming process on the image 

30 signal and in accordance with a pixel size, which is determined in accordance with a desired image size. 

[001 8] In the radiation image read-out method in accordance with the present invention, the pixel density transform- 
ing process should preferably be performed in accordance with a pixel density of an output apparatus, such as a printer, 
which receives an image signal having been obtained from the pixel density transforming process. For example, in 
cases where a pixel size of each of the solid-state detecting devices falls within the range of 1 00>m to 200um, the pixel 

35 density transforming process should preferably be performed such that a pixel size in an image outputted from the out- 
put apparatus falls within the range of 40^m to 100^m. In such cases, the pixel density transforming process should 
more preferably be performed such that the pixel size in the image outputted from the output apparatus falls within the 
range of 70jim to 90jxm. As in the correspondence relationship between the pixel size of each of the solid-state detect- 
ing devices of the solid-state radiation detector, the pixel density of the output apparatus and the pixel size in the image 

40 outputted from the output apparatus have the correspondence relationship such that, if one of the pixel density and the 
pixel size is determined, the other of the pixel density and the pixel size will be determined. 

[001 9] The radiation image read-out method in accordance with the present invention should preferably be modified 
such that, as an effective image size of the solid-state radiation detector becomes large, a magnification ratio of pixel 
density transformation in the pixel density transforming process is set to be low with respect to each of a row direction 
45 and a column direction. 

[0020] Also, the radiation image read-out method in accordance with the present invention should preferably be 
modified such that the pixel density transforming process is performed such that, with respect to each of a row direction 
and a column direction, a magnification ratio of pixel density transformation is equal to n/m, where n represents a pos- 
itive integral number and m represents a positive integral number equal to at most a number of pixels of the solid-state 

so detecting devices along the main scanning direction or the sub-scanning direction. The term "number of pixels of solid- 
state detecting devices along a main scanning direction or a sub-scanning direction" as used herein means the total 
number of pixels along each of the main scanning direction and the sub-scanning direction of the effective image size 
of the solid-state radiation detector. The main scanning direction may be taken as the row direction, and the sub-scan- 
ning direction may be taken as the column direction. Alternatively, the main scanning direction may be taken as the col- 

55 umn direction, and the sub-scanning direction may be taken as the row direction. Also, the magnification ratio of pixel 
density transformation with respect to the row direction and the magnification ratio of pixel density transformation with 
respect to the column direction may be identical with each other or may be different from each other. 
[0021] Further, in the radiation image read-out method in accordance with the present invention, the pixel density 
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transforming process may be performed by multiplying each of image signal components, which are fed out from the 
solid-state detecting devices corresponding to a pixel of interest and the neighboring pixels, by a predetermined coeffi- 
cient, and thereafter adding values of products obtained from the multiplication. The term "pixel of interest" as used 
herein means the pixel, which includes the position of the pixel obtained from the pixel density transforming process, or 

5 the pixel, which is closest to the position of the pixel obtained from the pixel density transforming process. 

[0022] The present invention also provides an apparatus for carrying out the radiation image read-out method in 
accordance with the present invention. Specifically, the present invention also provides a radiation image read-out 
apparatus, comprising means for obtaining an image signal, which represents a radiation image, from a solid-state radi- 
ation detector constituted of a plurality of solid-state detecting devices for detecting radiation, which are arrayed in a 

10 matrix-like form along a main scanning direction and a sub-scanning direction and each of which corresponds to one 
pixel, 1 

wherein the improvement comprises the provision of pixel density transforming means for performing a pixel 
density transforming process on the image signal and in accordance with a pixel size, which is determined in accord- 
ance with a desired image size. 

75 [0023] In the radiation image read-out apparatus in accordance with the present invention, the pixel density trans- 
forming means should preferably perform the pixel density transforming process in accordance with a pixel density of 
an output apparatus, which receives an image signal having been obtained from the pixel density transforming process. 
For example, in cases where a pixel size of each of the solid-state detecting devices falls within the range of 100pm to 
200pm, the pixel density transforming means should preferably perform the pixel density transforming process such 

20 that a pixel size in an image outputted from the output apparatus falls within the range of 40pm to 1 00pm. In such cases, 
the pixel density transforming means should more preferably perform the pixel density transforming process such that 
the pixel size in the image outputted from the output apparatus falls within the range of 70pm to 90pm. 
[0024] In the radiation image read-out apparatus in accordance with the present invention, the pixel density trans- 
forming means should preferably operate such that, as an effective image size of the solid-state radiation detector 

25 becomes large, a magnification ratio of pixel density transformation in the pixel density transforming process is set to 
be low (i.e.. the pixel density is set to be low) with respect to each of a row direction and a column direction. 
[0025] Also, in the radiation image read-out apparatus in accordance with the present invention, the pixel density 
transforming means should preferably perform the pixel density transforming process such that, with respect to each of 
a row direction and a column direction, a magnification ratio of pixel density transformation is equal to n/m, where n rep- 

30 resents a positive integral number and m represents a positive integral number equal to at most a number of pixels of 
the solid-state detecting devices along the main scanning direction or the sub-scanning direction. 
[0026] Further, in the radiation image read-out apparatus in accordance with the present invention, the pixel density 
transforming means may perform the pixel density transforming process by multiplying each of image signal compo- 
nents, which are fed out from the solid-state detecting devices corresponding to a pixel of interest and the neighboring 

35 pixels, by a predetermined coefficient, and thereafter adding values of products obtained from the multiplication. The 
image signal components, which are fed out from the solid-state detecting devices, should preferably be of analog val- 
ues. 

[0027] The present invention further provides a solid-state radiation detector, comprising a plurality of solid-state 
detecting devices for detection of radiation, which are arrayed in a matrix-like form and each of which corresponds to 

40 one pixel, and having read-out functions for feeding out a detection signal, which has been detected by the solid-state 
detecting devices, as an image signal, 

wherein the improvement comprises the provision of pixel density transforming means for performing a pixel 
density transforming process on the image signal and in accordance with a pixel size, which is determined in accord- 
ance with a desired image size. 

45 [0028] In the solid-state radiation detector in accordance with the present invention, as in the aforesaid radiation 
image read-out method and apparatus in accordance with the present invention, the pixel density transforming means 
should preferably operate such that, as an effective image size of the solid-state radiation detector becomes large, a 
magnification ratio of pixel density transformation in the pixel density transforming process is set to be low with respect 
to each of a row direction and a column direction. 

so [0029] Also, in the solid-state radiation detector in accordance with the present invention, the pixel density trans- 
forming means should preferably perform the pixel density transforming process such that, with respect to each of a row 
direction and a column direction, a magnification ratio of pixel density transformation is equal to n/m, where n repre- 
sents a positive integral number and m represents a positive integral number equal to at most a number of pixels of the 
solid-state detecting devices along the main scanning direction or the sub-scanning direction. 

55 [0030] Further, in the solid-state radiation detector in accordance with the present invention, the pixel density trans- 
forming means may perform the pixel density transforming process by multiplying each of image signal components, 
which are fed out from the solid-state detecting devices corresponding to a pixel of interest and the neighboring pixels, 
by a predetermined coefficient, and thereafter adding values of products obtained from the multiplication. In such 
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cases, the image signal components, which are fed out from the solid-state detecting devices, should preferably be of 
analog values. 

[0031] In the radiation image read-out method and apparatus and the solid-state radiation detector in accordance 
with the present invention, the solid-state radiation detector may be one of various types of solid-state radiation detec- 

5 tors comprising a plurality of solid-state detecting devices for conversion of radiation into an electric signal, which are 
arrayed in the matrix-like form, and feeding out an image signal, which represents a radiation image. Typical examples 
of the solid-state radiation detectors include the photo conversion types of solid-state radiation detectors, the direct con- 
version types of solid-state radiation detectors, and the improved direct conversion types of solid-state radiation detec- 
tors, which will be described later. However, the solid-state radiation detector is not limited to these types of solid-state 

io radiation detectors. 

[0032] As will be described later, in the cases of the improved direct conversion types of solid-state radiation detec- 
tors, as for the solid-state radiation detector itself, it cannot be the that the individual solid-state detecting devices are 
arrayed in a matrix-like form. However, in the step of processing the detected image signal, for example, a signal com- 
ponent at a sampling point can be regarded as a signal component representing a predetermined pixel. Therefore, it 
is can be regarded that the solid-state detecting devices are arrayed in a substantially matrix-like form so as to correspond 
to the pixels. The solid-state radiation detector employed in the radiation image read-out method and apparatus in 
accordance with the present invention may be the one, in which the individual solid-state detecting devices are arrayed 
in an exactly matrix-like form, or the one, in which the individual solid-state detecting devices are arrayed in a substan- 
tially matrix-like form. 

20 [0033] The term "desired image size" as used herein means the image size, which is determined by the pixel den- 
sity and the pixel size and which is required in cases where an image is outputted from a printer, or the like, by the uti- 
lization of the image signal obtained from the solid-state radiation detector or in cases where the image signal is stored 
in a filing apparatus. 

[0034] The term "pixel density transforming process" as used herein means the process performed on the image 

25 signal made up of a series of image signal components, which have been fed out from the solid-state detecting devices 
corresponding to pixels, for obtaining an image signal made up of a series of image signal components, which represent 
pixels of a size different from the pixel size determined by the solid-state detecting devices themselves, and thereby 
altering the pixel density of the image signal having been fed out from the solid-state radiation detector. The pixel den- 
sity transforming process embraces a pixel density lowering process, in which the pixel density is set to be low by 

30 enlarging the pixel size, and a pixel density raising process, in which the pixel density is set to be high by reducing the 
pixel size. The term "pixel size determined by solid-state detecting devices themselves" as used herein means the size 
of the detection region per pixel, which is determined by the array pitch of the solid-state detecting devices, and the like. 
[0035] The term "pixel density lowering process" as used herein means the process for obtaining a new image sig- 
nal made up of a series of image signal components, which represent pixels of a size larger than the pixel size deter- 

35 mined by the solid-state detecting devices themselves, and thereby setting the pixel density to be low. By way of 
example, with the pixel density lowering process, a plurality of image signal components, which have been fed out from 
the solid-state detecting devices corresponding to a plurality of pixels adjacent to one another, may be mixed together, 
and the resulting image signal component may be employed as an image signal component representing a new pixel. 
[0036] The term "pixel density raising process" as used herein means the process for obtaining a new image signal 

40 made up of a series of image signal components, which represent pixels of a size smaller than the pixel size determined 
by the solid-state detecting devices themselves, and thereby setting the pixel density to be high. By way of example, 
with the pixel density raising process, processing may be performed on a plurality of image signal components, which 
have been fed out from the solid-state detecting devices corresponding to a plurality of pixels adjacent to one another, 
and an image signal component representing a new pixel, which is located among the plurality of the pixels adjacent to 

45 one another, may thereby be obtained. 

[0037] In the pixel density lowering process and the pixel density raising process, the image signal components cor- 
responding to the plurality of the pixels may be weighted, and the new image signal component may be obtained from 
the weighted image signal components. In such cases, weight factors employed in the weighting may be set in one of 
various manners. For example, wei&ht factors of an identical value may be employed for the image signal components 

so corresponding to all of the pixels (as in simple mean calculations). Alternatively, weight factors of different values may 
be employed for the image signal components corresponding to different pixels (as in weighted mean calculations). 
Also, one of various known interpolation processing techniques, such as a nearest neighbor interpolation technique, a 
polynomial interpolation technique, a Lagrangean interpolation technique, a spline interpolation technique, and a com- 
bination of two or more of the above-enumerated interpolation techniques, may be employed. 

55 [0038] The solid-state radiation detector employed in the radiation image read-out method and apparatus in 
accordance with the present invention is not limited to the three types of solid-state radiation detectors described above. 
The solid-state radiation detector may be one of various other types of solid-state radiation detectors, which have sem- 
iconductors as the major parts and are constituted of a plurality of arrayed solid-state detecting devices for detecting 
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radiation. 

[0039] With the radiation image read-out method and apparatus in accordance with the present invention, the pixel 
density transforming process is performed on the image signal and in accordance with the pixel size, which is deter- 
mined in accordance with a desired image size. Therefore, the number of pixels in the image processed in image 

5 processing at the post stage can be set at a desired value (i.e., the image size of the image reproduced or outputted 
can be set approximately at a predetermined size) regardless of the effective image size of the solid-state radiation 
detector. For example, as the effective image size of the solid-state radiation detector becomes large, the magnification 
ratio of pixel density transformation in the pixel density transforming process may be set to be low with respect to each 
of the row direction and the column direction. In this manner, the number of pixels in the image processed in the image 

10 processing at the post stage can be set at a predetermined value or approximately at the predetermined value. Accord- 
ingly, a single image reproducing apparatus or a single image filing apparatus can be utilized for a plurality of solid-state 
radiation detectors of different image sizes and for a plurality of read-out image sizes varying in the logical readout. 
[0040] Also, with the radiation image read-out method and apparatus in accordance with the present invention, 
wherein the pixel density transforming process is performed in accordance with the pixel density of the output appara- 

15 tus, such as a printer, the effects described below can be obtained. Specifically, the pixel size of each of the solid-state 
detecting devices constituting the solid-state radiation detector can be set in accordance with the detection signal quan- 
tity (i.e., the signal-to-noise ratio) of each solid-state detecting device. Also, in the output apparatus, such as a printer, 
for outputting the image in accordance with the image signal having been obtained from the solid-state radiation detec- 
tor, the pixel size can be set such that recording (output) scanning lines may become imperceptible. Further, the differ- 

20 ence between the pixel size of each solid-state detecting device and the pixel size of the output apparatus can be 
compensated for by performing the pixel density transforming process. Therefore, in the solid-state radiation detector, 
the pixel size can be set at an appropriate size regardless of the image size (the pixel size) of the output apparatus. 
Also, in the output apparatus, the pixel size can be set at an appropriate size regardless of the image size (the pixel 
size) of the solid-state radiation detector. 

25 [0041 ] Further, with the radiation image read-out method and apparatus in accordance with the present invention, 
wherein the pixel density transforming process is performed such that, with respect to each of the row direction and the 
column direction, the magnification ratio of pixel density transformation is equal to n/m, where n represents a positive 
integral number and m represents a positive integral number equal to at most a number of pixels of the solid-state 
detecting devices along the main scanning direction or the sub-scanning direction, the weighted operations and the 

30 interpolating operations can be performed with simple operation process. Particularly, the pixel density transforming 
process performed in this manner is suitable for digital signal processing. Also, since m is a positive integral number 
equal to at most a number of pixels of the solid-state detecting devices along the main scanning direction or the sub- 
scanning direction, with respect to an approximately entire image area other than the peripheral regions of the effective 
image size, the weighted operations and the interpolating operations can be performed by utilizing the image signal 

35 components having been obtained from the solid-state detecting devices. 

[0042] Furthermore, with the radiation image read-out method and apparatus in accordance with the present inven- 
tion, the pixel density transforming process may be performed by multiplying each of the image signal components, 
which are fed out from the solid-state detecting devices corresponding to the pixel of interest and the neighboring pixels, 
by a predetermined coefficient, and thereafter adding the values of products obtained from the multiplication. In such 

40 cases, the pixel density transforming process can be performed with the so-called filtering process. Particularly, the 
pixel density transforming process performed in this manner is suitable for analog signal processing. 
[0043] With the solid-state radiation detector in accordance with the present invention, which is provided with the 
pixel density transforming means for performing the pixel density transforming process described above, an integral 
type of solid-state radiation detector having the pixel density transforming functions can be obtained. 



45 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0044] 



so Figure 1 is a schematic view showing an embodiment of the radiation image read-out apparatus in accordance with 
the present invention, 

Figure 2 is an explanatory view showing the relationship between a pixel array in a solid-state radiation detector of 
a fundamental size and signal values of a read-out image signal, which represent the pixels, 
Figure 3 is an explanatory view showing an example of a pixel density lowering process, in which a pixel density in 
55 each of main scanning and sub-scanning directions is lowered to approximately 1/2, 

Figure 4 is an explanatory view showing an example of the pixel density lowering process, in which the pixel density 
in each of main scanning and sub-scanning directions is lowered to approximately 2/3, 

Figure 5 is an explanatory view showing relationship between pixel positions before a pixel density transforming 
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process and pixel positions after the pixel density transforming process in cases where a magnification ratio of pixel 
density transformation is equal to 3/2, and 

Figure 6 is an explanatory view showing a different example of the pixel density lowering process. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0045] The present invention will hereinbelow be described in further detail with reference to the accompanying 
drawings. 

[0046] Figure 1 is a schematic view showing an embodiment of the radiation image read-out apparatus in accord- 
10 ance with the present invention. As illustrated in Figure 1 , a radiation image read-out apparatus 10 reads an image sig- 
nal, which represents a radiation image, from a photo conversion type of solid-state radiation detector 1. 
[0047] The solid-state radiation detector 1 comprises a scintillator (not shown), which converts the incident radia- 
tion into visible light, and a solid-state detecting section 2, which detects the visible light having been generated by the 
scintillator and photoelectrical^ converts the visible light into an image signal representing a radiation image of an 
15 object. 

[0048] As illustrated in Figure 1 , the solid-state detecting section 2 comprises a plurality of photoelectric conversion 
devices £4. 24, .... which serve as solid-state detecting devices and which are arrayed in two-dimensional directions. 
Each photoelectric conversion device 24 is constituted of photoelectric conversion means 22, which photoelectrically 
converts visible light having been generated by the scintillator into an analog image signal component and a capacitor 

20 23, which temporarily stores signal charges (corresponding to the image signal component) generated by the photoe- 
lectric conversion means 22. Each photoelectric conversion device 24 is connected to transfer means 21 , which is con- 
stituted of a TFT and which transfers the signal charges having been accumulated at the capacitor 23. The pixel size of 
the photoelectric conversion devices 24, 24, ... is fixed at a predetermined value of lOO^m regardless of a difference in 
effective image size, which will be described later. Since the pixel size of the solid-state radiation detector 1 is fixed at 

25 the predetermined value, the read-out density of the solid-state radiation detector 1 along the main scanning direction 
and the read-out density of the solid-state radiation detector 1 along the sub-scanning direction are fixed at 10 pix- 
els/mm. The photo conversion types of solid-state radiation detectors have the problems in that, if the pixel size is set 
to be small, the aperture rate becomes low, the sensitivity becomes low, and the signal-to-noise ratio becomes low. The 
pixel size of 1 0Ojim corresponds to the highest read-out density (pixel density) among the read-out densities of the cur- 

30 rently available photo conversion types of solid-state radiation detectors. 

[0049] The solid-state detecting section 2 also comprises a plurality of output amplifiers 25, 25. ... Each of the out- 
put amplifiers 25, 25, ... amplifies the image signal component SO, which is fed out of each of the photoelectric conver- 
sion devices 24, 24, ... arrayed along the vertical direction in Figure 1. The solid-state detecting section 2 further 
comprises a plurality of load capacitors 26, 26, ... Each of the load capacitors 26, 26, ... temporarily stores the image 

35 signal component SO, which is fed out of each of the photoelectric conversion devices 24, 24, ... arrayed along the ver- 
tical direction in Figure 1 . 

[0050] As illustrated in Figure 1, each photoelectric conversion device 24 is connected to the transfer means 21, 
which is constituted of a TFT and which transfers the signal charges having been accumulated at the capacitor 23. The 
output of each transfer means 21 is connected to a signal conductor 27a. The signal conductor 27a extends vertically 

40 in Figure 1 and is connected to the corresponding output amplifier 25. Also, the signal conductor 27a is connected via 
the corresponding load capacitor 26 to a multiplexer 28. The gate of each transfer means 21 is connected to a scan 
conductor 27b. The scan conductor 27b extends horizontally in Figure 1 and is connected to a scan pulse generator 29. 
A cathode side of each photoelectric conversion device 24 is connected to an internal power source VB. 
[0051] As described above, the signal conductor 27a and the scan conductor 27b are connected to the TFT consti- 

45 tuting the transfer means 21 . In accordance with scanning control performed by the multiplexer 28 and the scan pulse 
generator 29, the image signal components SO, SO, ... generated by the photoelectric conversion devices 24, 24, ... cor- 
responding to predetermined pixels are successively fed out from the output amplifiers 25, 25, ... In this manner, a read- 
out image signal Sa is fed out from the solid-state radiation detector 1 , 

[0052] The radiation image read-out apparatus 10 comprises pixel density transforming means 1 3 for performing a 
so pixel density transforming process, which will be described later, on the read-out image signal Sa received from the 
solid-state radiation detector 1. The radiation image read-out apparatus 10 also comprises an analog-to-digital con- 
verter 1 1 for converting the read-out image signal Sa into a digital image signal Sd, and a line memory 12 for storing 
the digital image signal Sd. In Figure 1 , A represents an address signal. A sampling period in the analog-to-digital con- 
verter 1 1 is set at a period corresponding to the read-out density and is fixed regardless of the effective image size. 
55 [0053] How the radiation image read-out apparatus 1 0 operates will be described hereinbelow. 

[0054] With a radiation image recording apparatus (not shown), a radiation image is recorded on the solid-state 
radiation detector 1 . Also, the scanning control is performed by the multiplexer 28 and the scan pulse generator 29, and 
the analog read-out image signal Sa representing the radiation image is fed out from the solid-state radiation detector 
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1 . The analog-to-digital converter 1 1 digitizes the read-out image signal Sa with a predetermined scale factor. The thus 
obtained digital read-out image signal Sd is successively stored in the line memory 12 having a capacity corresponding 
to, for example, several main scanning lines. The read-out image signal Sd is then read in units of predetermined main 
scanning lines from the line memory 12 and fed into the pixel density transforming means 13. 
5 [0055] How the pixel density transforming means 13 performs the pixel density transforming process will be 
described hereinbelow. 

[0056] By way of example, how the image signals representing the radiation images are read out from a solid-state 
radiation detector, which has an effective image size equal to a fundamental size, and solid-state radiation detectors 
having vertical sizes and horizontal sizes, which are respectively equal to predetermined multiples of the vertical size 

10 and the horizontal size in the fundamental size. In cases where a radiation image is read out from a conventional stim- 
ulate phosphor sheet, on which the radiation image has been stored, the term "effective image size" as used herein 
corresponds to the size of the stimulable phosphor sheet. In cases where a logical readout is performed on a solid-state 
radiation detector of a size fixed at a predetermined size, the term "effective image size" as used herein corresponds to 
the read-out image size. When necessary, the size of the solid-state radiation detector may be altered in accordance 

is with the effective image size. 

[0057] Figure 2 shows the relationship between the pixel array in the solid-state radiation detector of the fundamen- 
tal size and signal values (pixel values) xap of the read-out image signal Sd, which represent the pixels. In this case, 
xap represents the signal value corresponding to each pixel, a represents the pixel number assigned along the sub- 
scanning direction, and p represents the pixel number assigned along the main scanning direction. The pixel size in the 

20 main scanning direction and the pixel size in the sub-scanning direction are defined by the array pitch of the solid-state 
detecting devices constituting the solid-state radiation detector. In this example, the fundamental size is 200mm x 
250mm, and the number of pixels (main scanning direction x sub-scanning direction) is 2,000x2,500. 
[0058] The pixel density transforming means 13 may perform the pixel density transforming process such that, as 
the effective image size of the solid-state radiation detector 1 becomes large, the magnification ratio of pixel density 

25 transformation is set to be low with respect to each of the row direction and the column direction. How the pixel density 
transforming process is performed will be described hereinbelow. The term "setting a magnification ratio of pixel density 
transformation to be low" as used herein means that the pixel density is lowered. Also, the term "magnification ratio of 
pixel density transformation" as used herein means the degree of lowering of the pixel density, i.e. the rate of lowering 
of the pixel density. Consequently, the term "as an effective image size becomes large, a magnification ratio of pixel 

30 density transformation is set to be low" as used herein means that, as the effective image size of the solid-state radia- 
tion detector 1 becomes large, the rate of lowering of the pixel density is set to be high. Specifically, the term "setting a 
rate of lowering to be high" as used herein means that, in cases where the magnification ratio of pixel density transfor- 
mation is represented by 1/N, the value of the numerator "N" is set to be large. When the magnification ratio is to be set, 
m and n may be set at positive integral numbers, and at least m may be set at a positive integral number equal to at 

35 most the number of pixels of the solid-state detecting devices along the main scanning direction or the sub-scanning 
direction. The magnification ratio may thereby set at n/m. Thereafter, a divisor may be taken, and 1/N may thus be set. 
[0059] In an example, the effective image size of the solid-state radiation detector 1 along each of the main scan- 
ning direction and the sub-scanning direction may be approximately two times as large as the fundamental size along 
each of the main scanning direction and the sub-scanning direction. For example, the effective image size of the solid- 

40 state radiation detector 1 may be 425mm x 425mm, 350mm x 425mm, or 350mm x 350mm. In such cases, the pixel 
density transforming process is performed in the manner described below. 

[0060] The pixel density transforming means 1 3 performs a pixel density lowering process, with which the pixel den- 
sity is set to be low, on the read-out image signal Sd having been obtained from the solid-state radiation detector 1 . With 
the pixel density lowering process, a new image signal component representing one pixel is obtained from the image 

45 signal components of the read-out image signal Sd, which represent four pixels adjacent to one another. Specifically, a 
mean value of the signal values corresponding to four adjacent pixels (i.e., two pixels located along the main scanning 
direction x two pixels located along the sub-scanning direction) is calculated and taken as the signal value correspond- 
ing to one pixel. Figure 3 shows an array of the image signal components of the read-out image signal Sd, which rep- 
resent adjacent pixels. In Figure 3, each of the image signal components of the read-out image signal Sd is indicated 

so by the solid lines. With the pixel density lowering process, by way of example, new signal values y 11t y 12 . .... y2i- ■■■« 
each of which is indicated by the broken lines in Figure 3, are calculated with the formulas shown below. 
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y n =(x u +x 12 +x 21 +x 22 )/4 
5 yi 2 =(x 13 +x 14 +x 23 +x 24 )/4 



y n =(x 31 +x 32 +x 41 +x 42 )/4 



75 In this case (and in the examples which will be described later), yap represents the signal value corresponding to each 
pixel having been obtained from the pixel density transforming process {in this case, the pixel density lowering process), 
a represents the pixel number of the pixel, which has been obtained from the pixel density transforming process, 
assigned along the sub-scanning direction, and p represents the pixel number of the pixel, which has been obtained 
from the pixel density transforming process, assigned along the main scanning direction. 

20 [0061] As a result, the pixel size becomes equal to 200um. Also, with respect to each of the main scanning direction 
and the sub-scanning direction, the pixel density in the image represented by a processed image signal Sd\ which has 
been obtained from the pixel density transforming process, is lowered to one half of the pixel density in the pixel array 
of the fundamental size and becomes equal to 5 pixels/mm. 

[0062] In another example, the effective image size of the solid-state radiation detector 1 along each of the main 
25 scanning direction and the sub-scanning direction may be approximately 1.5 times as large as the fundamental size 
along each of the main scanning direction and the sub-scanning direction. For example, the effective image size of the 
solid-state radiation detector 1 may be 250mm x 300mm. In such cases, the pixel density transforming process is per- 
formed in the manner described below. 

[0063] The pixel density transforming means 1 3 performs a pixel density lowering process, with which the pixel den- 
30 sity is set to be low, on the read-out image signal Sd having been obtained from the solid-state radiation detector 1 . With 
the pixel density lowering process, new signal values corresponding to four pixels are obtained from the signal values 
of the read-out image signal Sd, which correspond to nine pixels adjacent to one another. Specifically, a mean value of 
the signal values corresponding to 1.5 pixels along each of the main scanning direction and the sub-scanning direction 
is calculated and taken as the signal value corresponding to one pixel. Figure 4 shows an array of the image signal com- 
35 ponents of the read-out image signal Sd, which represent adjacent pixels. In Figure 4, each of the image signal com- 
ponents of the read-out image signal Sd is indicated' by the solid lines. With the pixel density lowering process, byway 
of example, new signal values y-j 1f y 12 y 21 each of which is indicated by the broken lines in Figure 4, are calcu- 
lated with the formulas shown below. 

40 

Yii=( 4x n +2x 12 +2x 21 +x 22 )/9 
y l2 =(4x l3 +2x 12 +2x 23 +x 22 )/9 

45 



y 2 i=( 4x 31 +2x 21 +2x 32 +x 22 ) / 9 

50 



55 [0064] In the formulas shown above, the signal values xap corresponding to the respective pixels are multiplied by 
the predetermined coefficients (i.e., 4, 2, 2, and 1 from the left side of each formula). The thus obtained products are 
added to one another, and the resulting addition value is divided by the total sum (i.e., 9) of the coefficients. In this man- 
ner, the degrees of contribution of the pixels to the processed signal values yap are taken into consideration. For exam- 
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pie, as will be found from Figure 4, as for y^.'m cases where the degree of contribution of x 22 is taken as 1 , the degree 
of contribution of is equal to 4, and the degree of contribution of each of x 12 and x 21 is equal to 2. 
[0065] As a result, the pixel size becomes equal to 1 50um. Also, with respect to each of the main scanning direction 
and the sub-scanning direction, the pixel density in the image represented by a processed image signal Sd\ which has 
s been obtained from the pixel density transforming process, is lowered to 2/3 of the pixel density in the pixel array of the 
fundamental size and becomes equal to 20 ptxe!s/3mm. 

[0066] In the examples described above, the effective image size of the solid-state radiation detector 1 along each 
of the main scanning direction and the sub-scanning direction is approximately 2 times or 1 .5 times as large as the fun- 
damental size along each of the main scanning direction and the sub-scanning direction. Alternatively, the effective 

to image size of the solid-state radiation detector 1 along each of the main scanning direction and the sub-scanning direc- 
tion may be approximately 3 times. 4 times, and the like, as large as the fundamental size along each of the main scan- 
ning direction and the sub-scanning direction. For example, in cases where the effective image size of the solid-state 
radiation detector 1 along each of the main scanning direction and the sub-scanning direction is 4 times as large as the 
fundamental size along each of the main scanning direction and the sub-scanning direction, the pixel size becomes 

15 equal to 400um. Also, with respect to each of the main scanning direction and the sub-scanning direction, the pixel den- 
sity in the image represented by a processed image signal Sd\ which has been obtained from the pixel density trans- 
forming process, is lowered to 1/4 of the pixel density in the pixel array of the fundamental size and becomes equal to 
2.5 pixels/mm. 

[0067] With the pixel density transforming process described above, the number of pixels (main scanning direction 
20 x sub-scanning direction) in the image represented by the processed image signal Sd' becomes equal to 2,125x2,125 
as for the effective image size of 425mm x 425mm, 1,750x2,125 as for the effective image size of 350mm x 425mm, 
1,750x1,750 as for the effective image size of 350mm x 350mm, and 1,666x2,000 as tor the effective image size of 
250mm x 300mm. Specifically, regardless of the effective image size, the number of pixels in the image represented by 
the processed image signal Sd' can be kept to be approximately equal to a predetermined value. As for the fundamental 
25 size of 200mm x 250mm, the pixel density transformation is not performed, and the number of pixels is kept to be 
2.000x2.500. 

[0068] The number of pixels in the image represented by the processed image signal Sd 1 varies slightly in accord- 
ance with the effective image size. However, even if the processed image signals Sd', Sd' varying slightly in the 

number of pixels are fed into a single image reproducing apparatus or a single image filing apparatus, no problems will 
30 occur. Therefore, a single image reproducing apparatus or a single image filing apparatus can be utilized for a plurality 
of solid-state radiation detectors of different image sizes and for a plurality of read-out image sizes varying in the logical 
readout. 

[0069] As described above, with the embodiment of the radiation image read-out apparatus in accordance with the 
present invention, the pixel density transforming process is performed on the image signal, which has been received 

35 from the solid-state radiation detector, and in accordance with the effective image size. Therefore, the number of pixels 
in the image processed in image processing, or the like, at the post stage can be set at a predetermined value or 
approximately at the predetermined value regardless of the effective image size of the solid-state radiation detector. 
Accordingly, a single image reproducing apparatus or a single image filing apparatus can be utilized for a plurality of 
solid-state radiation detectors of different image sizes and for a plurality of read-out image sizes varying in the logical 

40 readout. 

[0070] In the embodiment described above, simple mean values are calculated by considering the degrees of con- 
tribution of the pixels to the processed signal values yap. Alternatively, a weighted mean process may be performed. 
Specifically, each of the pixel values of the adjacent pixels may be multiplied by a predetermined weight factor, and the 
values of products obtained from the multiplication may be added to one another. Thereafter, the resulting sum is 
45 divided by the total sum of the values of the weight factors. For example, in cases where the pixel density lowering proc- 
ess is performed, in which a single pixel is constituted from a pixel group comprising an odd number of pixels located 
along the main scanning direction x an odd number of pixels located along the sub-scanning direction, a large weight 
factor may be assigned to a pixel close to the center of the pixel group. In this manner, a processed image, in which the 
pixels close to the center of the pixel group have been enhanced, can be obtained. 
so [0071 ] In the examples described above, the processed image signal can be obtained from the pixel density trans- 
forming process, in which the addition and the division are performed, or the pixel density transforming process, in 
which the weighted addition and the division are performed. In cases where the pixel density transforming process is 
performed such that, with respect to each of the main scanning direction and the sub-scanning direction, the magnifi- 
cation ratio of pixel density transformation is equal to n/m, where n represents a positive integral number and m repre- 
ss sents a positive integral number equal to at most the number of pixels of the solid-state detecting devices along the 
main scanning direction or the sub-scanning direction, (e.g. , 6/7), the processed image signal can be obtained with sim- 
ple operations. Also, since each of m and n is an integral number, the pixel density transforming process performed in 
this manner is suitable for digital signal processing. 
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[0072] Also, in the examples described above, n and m are set such that n<m, and the pixel density lowering proc- 
ess for setting the pixel density to be low is thus performed. Alternatively, n and m may be set such that n>m, and the 
pixel density raising process for setting the pixel density to be high may thereby be performed. An example of the pixel 
density raising process will hereinbelow be described briefly. 
5 [0073] In this example of the pixel density raising process, the pixel density raising process is performed such that 
the pixel size of each pixel in the image, which is outputted by a printer serving as the output apparatus, falls within the 
range of 70pm to 90pm regardless of the pixel size of each of the photoelectric conversion devices 24, 24, i.e. such 
that the outputted image is adapted to the pixel density of the printer. 

[0074] In cases where a solid-state radiation detector, in which the pixel size of each of the photoelectric conversion 
10 devices 24, 24, ... falls within the range of 140pm to 180pm, n/m may be set at 2/1 . In cases where a solid-state radia- 
tion detector, in which the pixel size of each of the photoelectric conversion devices 24, 24, ... falls within the range of 
1 22.5pm to 1 57.5pm, n/m may be set at 7/4. Also, in cases where a solid-state radiation detector, in which the pixel size 
of each of the photoelectric conversion devices 24, 24, ... falls within the range of 105pm to 135pm, n/m may be set at 
3/2. 

15 [0075] In such cases, as the pixel density transforming process, an interpolating operation process, with which the 
number of pixels in the image represented by the image signal obtained from the transformation increases to n/m times 
as large as the number of pixels in the image represented by the image signal obtained from the solid-state radiation 
detector, may be employed. 

[0076] Figure 5 is an explanatory view showing relationship between pixel positions of pixels apq before the pixel 

20 density transforming process and pixel positions of pixels bpq after the pixel density transforming process in cases 
where the magnification ratio n/m of pixel density transformation is equal to 3/2. By way of example, in cases where a 
signal value corresponding to a pixel b 2 2 after the transformation is to be calculated, the interpolating operation process 
is performed by utilizing signal values corresponding to pixels a 11t a 12 , a 21 , and a^ before the transformation, which 
are located in the vicinity of the pixel b 22 after the transformation. Also, in the interpolating operation process, in cases 

25 where the signal value (the pixel value) corresponding to each pixel after the transformation, which pixel is set newly, is 
to be calculated, the degrees of contribution of the signal values, which correspond to the pixels before the transforma- 
tion, to the signal value corresponding to the pixel after the transformation, which pixel is set newly, should preferably 
be taken into consideration. For example, in cases where the signal value corresponding to the pixel fc>22 after the trans- 
formation is to be calculated, weighted operations should preferably be performed by considering the distance between 

30 the pixel b 22 and each of the pixels a-n , a 12 , a 2 i. and a 22 . 

[0077] As described above, in cases where the pixel density transforming process is performed in accordance with 
the pixel density of the printer, the pixel size of each of the solid-state detecting devices can be set such that no problem 
with regard to the signal-to-noise ratio may occur due to the level of the pixel value obtained from each solid-state 
detecting device. Also, in the printer, the pixel size can be set at a desired pixel size. For example, in cases where a 

35 diagnosis is to be made with respect to the chest of a human body, it is necessary for the pixel size of each solid-state 
detecting device to be at most 200pm. Also, if the pixel size of each solid-state detecting device is smaller than 1 00pm, 
the signal quantity per pixel becomes small, and the signai-to-noise ratio cannot be kept high. Therefore, as the solid- 
state radiation detector, a detector should preferably be employed, in which the pixel size of each solid-state detecting 
device falls within. the range of 1 00um to 200pm. In cases where the image outputted by the printer is to be obtained 

40 such that the recording scanning lines may be imperceptible, it is necessary for the pixel size in the outputted image 
(the printer pixel size) to be at most 100pm and preferably to be at most 90pm. Also, if the printer pixel size is smaller 
than the range of 40pm to 70pm, the problems will occur in that the capacity of an image memory cannot be kept small. 
Therefore, a printer should preferably be employed, in which the printer pixel size falls within the range of 40pm to 
100pm. A printer should more preferably be employed, in which the printer pixel size falls within the range of 70pm to 

45 90pm. With the embodiment of the radiation image read-out apparatus in accordance with the present invention, the 
pixel size in the solid-state radiation detector can be set at an appropriate size regardless of the pixel size of the printer, 
and the pixel size in the printer can be set at an appropriate size regardless of the pixel size of the solid-state radiation 
detector. Therefore, the embodiment of the radiation image read-out apparatus in accordance with the present inven- 
tion can sufficiently satisfy the requirements described above. 

so [0078] In the examples described above, the read-out density of the solid-state radiation detector along the main 
scanning direction and the read-out density of the solid-state radiation detector along the sub-scanning direction are 
identical with each other. Also, the pixel density along the main scanning direction and the pixel density along the sub- 
scanning direction, which pixel densities have been obtained from the pixel density transforming process, are identical 
with each other. Alternatively, the read-out density of the solid-state radiation detector along the main scanning direction 

55 and the read-out density of the solid-state radiation detector along the sub-scanning direction may be different from 
each other. Also, the pixel density along the main scanning direction and the pixel density along the sub-scanning direc- 
tion, which pixel densities have been obtained from the pixel density transforming process, may be different from each 
other. 
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[0079] The pixel density transforming process described above can also be accomplished with analog signal 
processing in which, for example, addition processing utilizing resistance addition and division (or multiplication) 
processing utilizing a divider (or a multiplier) are performed. 

[0080] The pixel density transforming process employed in the radiation image read-out apparatus in accordance 
5 with the present invention is not limited to the process in which the magnification ratio of pixel density transformation is 
equal to n/m, where n represents a positive integral number and m represents a positive integral number equal to at 
most the number of pixels of the solid-state detecting devices along the main scanning direction or the sub-scanning 
direction. Specifically, in the radiation image read-out apparatus in accordance with the present invention, the pixel den- 
sity transforming process may be performed with one of various other processes, which are performed on the image 
io signal made up of a series of image signal components, which have been fed out from the solid-state detecting devices 
corresponding to pixels, for obtaining an image signal made up of a series of image signal components, which represent 
pixels of a size different from the pixel size determined by the solid-state detecting devices themselves, and thereby 
altering the pixel density of the image signal having been fed out from the solid-state radiation detector: Figure 6 shows 
an example of such a process. 

15 [0081] Figure 6 is an explanatory view showing the process, wherein each of the image signal components, which 
are fed out from the solid-state detecting devices corresponding to a pixel of interest and the pixels adjacent to the pixel 
of interest along the sub-scanning direction, is multiplied by a predetermined coefficient, the values of products 
obtained from the multiplication are then added to one another, and the pixel density along the sub-scanning direction 
is thereby set to be low. 

20 [0082] In the example shown in Figure 6, calculations are made with the formulas shown below by utilizing signal 
values xa 1 p 1 through xa 7 fa corresponding to seven pixels assigned with a pixel number pi with respect to the main 
scanning direction and pixel numbers a1 through a7 with respect to the sub-scanning direction. From the calculations, 
signal values ya^ , ya 2 Pi , and yc^ , which corresponding to three new pixels, are obtained. In this manner, the pixel 
density is set to be low. 

25 

yafo* ( - 1 / 2 ) xa i p i +2xa 2 p 1 + ( - 1 / 2 ) xafo 
30 ya 2 0 2 = ( - 1 / 2 ) xa 3 p 1 +2xa 4 p 1 + ( -1 / 2 ) xa^ 

ya 3 p i = ( - 1 / 2 ) xa 5 p 1 +2xa 6 p 1 + ( - 1 / 2 ) xa 7 p t 



35 



[0083] Specifically, the pixels located along the sub-scanning direction are taken alternately as the pixel of interest 
40 (in this example, each of the odd-numbered pixels is taken as the pixel of interest). The signal values of the pixel of inter- 
est and two pixels adjacent to the pixel of interest along the sub-scanning direction (i.e., the signal values of the three 
total pixels) are utilized, and one pixel value is calculated with the operation processing shown above from the signal 
values of the three pixels. In this manner, the pixel density is set to be low. In this example, the pixel value of the pixel 
of interest is multiplied by 2, the pixel value of each of the two adjacent pixels is multiplied by (-1/2), and the resulting 
45 three products are added to one another. As a result, a processed image, in which the pixel of interest has been 
enhanced, can be obtained. 

[0084] The process described above can be accomplished with a filtering process and is suitable for processing, 
particularly, an analog signal. It is also possible to perform digital operation processing. 

[0085] In the example described above, one pixel value is calculated from the pixel values corresponding to the 
so pixel of interest and the pixels adjacent to the pixel of interest along the sub-scanning direction, and the pixel density 
along the sub-scanning direction is thereby set to be low. As for the main scanning direction, the pixel density can be 
set to be low with the same process as that described above. 

[0086] In the embodiment described above, the photo conversion type of solid-state radiation detector is employed. 
In cases where a direct conversion type of solid-state radiation detector is employed, the same process as that 
55 described above can be utilized. Specifically, in the radiation image read-out apparatus in accordance with the present 
invention, one of various types of solid-state radiation detectors, each of which comprises a plurality of solid-state 
detecting devices arrayed in a matrix-like form, may be employed. 

[0087] An embodiment, in which an improved direct conversion type of solid-state radiation detector is employed, 
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will be described hereinbelow. 

[0088] As described above, the improved direct conversion type of solid-state radiation detector utilizes a photo 
reading technique for performing the reading operation by the scanning with reading light. In the cases of the improved 
direct conversion type of solid-state radiation detector, as for the solid-state radiation detector itself, it cannot be the that 

5 the individual solid-state detecting devices are arrayed exactly in a matrix-like form. However, in the steps of detecting 
the image signal and processing the detected image signal, for example, a signal component at a sampling point can 
be regarded as a signal component representing a predetermined pixel. Therefore, it can be regarded that a plurality of 
the solid-state detecting devices are arrayed in a substantially matrix-like form so as to correspond to the pixels. 
[0089] In the improved direct conversion type of solid-state radiation detector, by way of example, the reading of the 

10 radiation image may be performed with a technique, wherein the reading electrode is constituted of comb tooth-shaped 
electrodes (i.e., stripe-shaped electrodes), and the stripe-shaped electrodes are scanned with light, which is produced 
by a line light source extending along a direction approximately normal to the longitudinal direction of each stripe- 
shaped electrode, the scanning with the light being performed in the longitudinal direction of each stripe-shaped elec- 
trode. 

15 [0090] In cases where the improved direct conversion type of solid-state radiation detector, in which the reading 
technique described above is utilized, is employed, though details of the constitution of the radiation image read-out 
apparatus are not described herein, the direction, along which the stripe-shaped electrodes stand side by side, corre- 
sponds to the main scanning direction in the embodiment described above, and the direction of the scanning with the 
light produced by the line light source corresponds to the sub-scanning direction in the embodiment described above. 

20 Also, the pixel size along the main scanning direction is defined by the array pitch of the stripe-shaped electrodes, and 
the pixel size along the sub-scanning direction is defined by the sampling period (line period) along the sub-scanning 
direction. For example, in cases where the array pitch of the stripe-shaped electrodes is equal to 50*im, the pixel size 
along the main scanning direction is equal to 50nm. In such cases, if the sampling period along the sub-scanning direc- 
tion is set such that the intervals in terms of the length may be equal to 50|im, the pixel size of each solid-state detecting 

25 device constituting the solid-state radiation detector can be regarded as being SOjim x SOjim. As described above, with 
the currently available photo conversion types of solid-state radiation detectors, the smallest possible pixel size is 
100jim. However, with the improved direct conversion type of solid-state radiation detector, the pixel size can be set to 
be as small as 50^m. 

[0091] In cases where the improved direct conversion type of solid-state radiation detector, in which the reading 

30 technique described above is utilized, is employed, the relationship between the pixel array in the solid-state radiation 
detector of the fundamental size and the signal values xap of the read-out image signal Sd, which represent the pixels, 
may be considered as being identical with the relationship shown in Figure 2. In this case, xap represents the signal 
value corresponding to each pixel, a represents the sampling number assigned along the sub-scanning direction, i.e. 
the pixel number assigned along the sub-scanning direction, and p represents the electrode number of each stripe- 

35 shaped electrode, i.e. the pixel number assigned along the main scanning direction. 

[0092] Therefore, in cases where the improved direct conversion type of solid-state radiation detector is employed, 
the pixel density transforming process may be performed in the same manner as that in the aforesaid embodiment uti- 
lizing the photo conversion type of solid-state radiation detector. For example, the mean value of the signal values cor- 
responding to four adjacent pixels (i.e., two pixels located along the main scanning direction x two pixels located along 

40 the sub-scanning direction) may be calculated and taken as the signal value corresponding to one pixel. In this manner, 
with respect to each of the main scanning direction and the sub-scanning direction, the pixel density in the image rep- 
resented by the processed image signal Sd', which has been obtained from the pixel density transforming process, can 
be lowered to one half of the pixel density in the pixel array of the fundamental size. The two pixels located along the 
main scanning direction correspond to two stripe-shaped electrodes. The two pixels located along the sub-scanning 

45 direction correspond to two sampling periods along the sub-scanning direction, i.e. two lines. In the cases of the 
improved direct conversion type of solid-state radiation detector, particularly, the resolution transforming process shown 
in Figure 6 utilizing the filtering process should preferably be employed. 

[0093] In the embodiments of the radiation image read-out apparatus in accordance with the present invention, the 
pixel density transforming means 13 for performing the pixel density transforming process on the image signal, which 
so has been obtained from the solid-state radiation detector, is provided as means separate from the solid-state radiation 
detector. Alternatively, the pixel density transforming means may be located in the solid-state radiation detector. In this 
manner, the solid-state radiation detector having the pixel density transforming functions and the functions of the read- 
out apparatus may be constituted. 

55 Claims 

1 . A radiation image read-out method, comprising the steps of obtaining an image signal, which represents a radiation 
image, from a solid-state radiation detector constituted of a plurality of solid-state detecting devices for detecting 
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radiation, which are arrayed in a matrix -like form along a main scanning direction and a sub-scanning direction and 
each of which corresponds to one pixel, 

wherein the improvement comprises the step of performing a pixel density transforming process on the image sig- 
nal and in accordance with a pixel size, which is determined in accordance with a desired image size. 

5 

2. A method as defined in Claim 1 wherein said pixel density transforming process is performed in accordance with a 
pixel density of an output apparatus, which receives an image signal having been obtained from said pixel density 
transforming process. 

10 3. A method as defined in Claim 2 wherein a pixel size of each of the solid-state detecting devices falls within the 
range of lOO^m to 200um, and said pixel density transforming process is performed such that a pixel size in an 
image outputted from said output apparatus falls within the range of 40um to 100am. 

4. A method as defined in Claim 3 wherein said pixel density transforming process is performed such that the pixel 
is size in the image outputted from said output apparatus falls within the range of 70um to 90>m. 

5. A method as defined in Claim 1, 2, 3, or 4 wherein, as an effective image size of the solid-state radiation detector 
becomes large, a magnification ratio of pixel density transformation in said pixel density transforming process is set 
to be low with respect to each of a row direction and a column direction. 

20 

6. A method as defined in Claim 1 , 2, 3, or 4 wherein said pixel density transforming process is performed such that, 
with respect to each of a row direction and a column direction, a magnification ratio of pixel density transformation 
is equal to n/m, where n represents a positive integral number and m represents a positive integral number equal 
to at most a number of pixels of the solid-state detecting devices along the main scanning direction or the sub-scan- 

25 ning direction. 

7. A method as defined in Claim 1 wherein said pixel density transforming process is performed by multiplying each 
of image signal components, which are fed out from the solid-state detecting devices corresponding to a pixel of 
interest and the neighboring pixels, by a predetermined coefficient, and thereafter adding values of products 

30 obtained from the multiplication. 

8. A radiation image read-out apparatus, comprising means for obtaining an image signal, which represents a radia- 
tion image, from a solid-state radiation detector constituted of a plurality of solid-state detecting devices for detect- 
ing radiation, which are arrayed in a matrix-like form along a main scanning direction and a sub-scanning direction 

35 and each of which corresponds to one pixel, 

wherein the improvement comprises the provision of pixel density transforming means for performing a pixel den- 
sity transforming process on the image signal and in accordance with a pixel size, which is determined in accord- 
ance with a desired image size. 

40 9. An apparatus as defined in Claim 8 wherein said pixel density transforming means performs said pixel density 
transforming process in accordance with a pixel density of an output apparatus, which receives an image signal 
having been obtained from said pixel density transforming process. 

10. An apparatus as defined in Claim 9 wherein a pixel size of each of the solid-state detecting devices falls within the 
45 range of 1 00^m to 200nm, and said pixel density transforming means performs said pixel density transforming 

process such that a pixel size in an image outputted from said output apparatus falls within the range of 40^m to 
100jim. 

11. An apparatus as defined in Claim 10 wherein said pixel density transforming means performs said pixel density 
so transforming process such that the pixel size in the image outputted from said output apparatus falls within the 

range of 70jim to 90*im. 

12. An apparatus as defined in Claim 8, 9, 10, or 1 1 wherein said pixel density transforming means operates such that, 
as an effective image size of the solid-state radiation detector becomes large, a magnification ratio of pixel density 

55 transformation in said pixel density transforming process is set to be low with respect to each of a row direction and 
a column direction. 

13. An apparatus as defined in Claim 8, 9, 10, or 1 1 wherein said pixel density transforming means performs said pixel 



15 



BNSDOCID: <EP 10H709A2J_> 



EP 1 014 709 A2 



density transforming process such that, with respect to each of a row direction and a column direction, a magnifi- 
cation ratio of pixel density transformation is equal to n/m, where n represents a positive integral number and m rep- 
resents a positive integral number equal to at most a number of pixels of the solid-state detecting devices along the 
main scanning direction or the sub-scanning direction. 

5 

14. An apparatus as defined in Claim 8 wherein said pixel density transforming means performs said pixel density 
transforming process by multiplying each of image signal components, which are fed out from the solid-state 
detecting devices corresponding to a pixel of interest and the neighboring pixels, by a predetermined coefficient, 
and thereafter adding values of products obtained from the multiplication. 

10 

15. A solid-state radiation detector, comprising a plurality of solid-state detecting devices for detection of radiation, 
which are arrayed in a matrix-like form and each of which corresponds to one pixel, and having read-out functions 
for feeding out a detection signal, which has been detected by the solid-state detecting devices, as an image signal, 
wherein the improvement comprises the provision of pixel density transforming means for performing a pixel den- 

15 sity transforming process on the image signal and in accordance with a pixel size, which is determined in accord- 
ance with a desired image size. 
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FIG. 3 
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FIG. 4 
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